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Abstract 

We propose that a modified version of string-inspired supersym- 
metry breaking schemes in Q and may make affine level one SU(5) 
and SO(IO) string models with intermediate gauge symmetry breaking 
scale Mgut = lO^^GeF possible; doublet-triplet problem can also be 
solved. In particular, we propose that some charged gauge background 
VEVs might be turned on when gaugino condensation happens in the 
hidden sector and would break gauge symmetry. One can dynamically 
determine gaugino condensation scale, local supersymmetry breaking 
scale and intermediate gauge symmetry breaking scale Mqut in terms 
of dilaton VEV. With dilaton VEV, (5) ~ 2, and Eq hidden sector 
gaugino condensation, we can obtain Mqut = W^^GeV. We also dis- 
cuss how to generate the mass hierarchy within the framework of this 
supersymmetry breaking scheme. We show that the large mass hierar- 
chy restricts string models to those that have a no-scale structure and 
in which the gauge coupling function does not receive string threshold 
corrections. 



The precision weak scale measurement indicates that the minimal super- 
symmetric grand unification model leads to a good agreement with a single 
unification scale of Mgut = W^^^^'^GeV^ and a best fit for super symme- 
try breaking scale Msusy around 1 TeV ^, |]. It is amazing that the 
supersymmetry grand unification idea works perfectly in this respect and 
predicts correctly the present experimental value for sin'^6yir{mz), once one 
sets Msusy around the TeV scale and use the actual values for as{Mz) and 
aem{Mz). In addition to this success, the bottom to tau quark mass ratio 
is also predicted correctly; the proton lifetime is predicted to be above the 
present experimental limits. 

String theory is so far the leading candidate for a consistent framework 
for unifying the standard model and gravity [P, 0]. In the framework of 
string theory, different mass scales are ultimately determined by the vacuum 
expectation values of dilaton and moduli fields, which in turn should be 
determined by the string dynamics. One would naturally ask whether it 
is possible to derive Mgut = lO^^GeV and Msusy = ITeV from string 
phenomenology. To answer this question, we need first have a brief review 
of gauge coupling constant unification in the string phenomenology. 

Whereas the unification of the running gauge coupling constants is a 
coincidence and the gauge unification scale is arbitrary in the standard model, 
a relation among gravitational, gauge coupling constants, and the "gauge 
unification scale" is required in string theory. More specifically, this relation 
has been derived ||, to be: g1{\g^Mpi) = g'^/ka — ea/47r, where Mpi = 
I/v^SttGtv is the reduced Planck mass {G^ is the Newton's constant), is 
the string threshold corrections, and ka is the affine level. In the simple case, 
ka = I and ea = 0, one obtains the gauge couphng constant unification but at 
the scale around 10^^ ~ lO^^GeV^. To confront string theory with the weak 
scale gauge coupling constant measurements, extensive discussion has been 
made on Standard- Model-like-string-models [llO| , |Tl|, |12], |l3l with extra heavy 
fermions, string threshold corrections, or of higher affine levels, but none of 
which lead to gauge coupling constant unification at Mqut = lO^^GeV. 
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In this letter, we propose that a modified version of the supersymmetry 
breaking scheme proposed in [||, Q may yield Mqut = lO^^GeV^ in string 
models. In particular, we propose that some charged background field VEVs 
in the observable sector might be turned on when gaugino condensation 
happens in the hidden sector and would break gauge symmetry. We point out 
that this supersymmetry breaking scheme makes the affine level one SU(5) 
or SO(IO) string models with intermediate gauge symmetry breaking to the 
standard model possible. We also discuss about generating the large mass hi- 
erarchy between Mqut = lO^^GeV and Msusy = ITeV and the constraints 
on the string models from the large mass hierarchy in these models. 

In the following, we will first briefiy review the string-inspired super- 
symmetry breaking schemes before we introduce our scheme. The mecha- 
nism of supersymmetry breaking is one of the major challenge in extracting 
low-energy predictions from superstrings. One expects that supersymmetry 
breaking mechanism will bridge the huge gap between the string theory at 
around the Planck scale and the standard model at around the weak scale. 
Furthermore, one hopes that the non-perturbative effect, which breaks su- 
persymmetry, will remove the fiat-directions corresponding to dilaton and 
moduli fields, dynamically determine their vacuum expectation values, and 
thus enhance the predictive power of string models. So far the most promising 
supersymmetry breaking schemes are non-perturbative. The first attempts 



to break SUSY non-perturbatively in string theory invoked gaugino 



condensation in the hidden sector Eg. Because dilaton couples to gauge 
fields, gaugino condensation would generate a superpotential for the dila- 
ton. From renormalization group invariance and dimensional analysis, the 
superpotential takes the form: 

~ exp{-3S/2bo). (1) 

However in the case that the other part of superpotential Wq is zero, the 
above superpotential would yield a monotonic potential energy, 

V{z, z) = e^("'"") [K'''{K,W + W,){K,W - W,) - 3\W\% (2) 
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and leads to a runaway dilaton, i.e. dilaton vacuum expectation value goes 
to infinity. 

The more formal derivation of the effective lagrangian with gaugino con- 



densation for supersymmetric Yang- Mills theory was first constructed in [|T5 
and later extended to supergravity coupled to Yang-Mills theory |]16|, |1^ . The 
target space modular invariance [l^, which reflects the underlying string 
symmetry under duality transformations, has been incorporated into the 
effective lagrangian description of gaugino condensation [jl9|, |20|, |21|. The 
modular invariant formulation of gaugino condensation is extended to in- 



clude the formation of hidden matter field condensation in 12211. The more 



recent progress is on formulating the phenomenon of gaugino condensation 



in global and local P3| , P4|] super- Yang- Mills theory with a field-dependent 
gauge coupling described by a linear multiplet. But all these formulations 
does not shed much light on dilaton running-away problem. 

To solve the dilaton running-away problem, it was proposed in to 
stabilize the dilaton by an additional constant number in the superpotential, 
resulting from a VEV for the antisymmetric tensor field strength on the 
internal space, i.e. W{S) — ^ W{S) +c with ce^fc = {Hijk)- The dynamics of 
the induction of {Hij^) by gaugino condensation was pointed out in |1^]. 
Here we give the argument in It is well known that there exists in ten- 
dimensional supergravity a supercovariant generalization of the field strength 
of the second-rank tensor field that is essential in anomaly cancellations: 

H = dB -UJSY + t^3L, (3) 

with B being the two-index antisymmetric tensor field and lj^y and uj^l being 
Yang-Mills and Lorentz Chern-Simons symbols: 

u^sY = ^Tr{AF-^AAA), (4) 
1 1 

with Tr meaning trace in the adjoint representation and u is the Lorentz 
connection. It was observed in |^ that the terms in the lagrangian that 
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depend on Hijk and the gauge invariant gaugino bilinear XTijkX combine 
into a perfect square, 

AL ~ {H,^k - gloV24>'/^XT,,kX)'. (6) 

The appearance of the perfect square means that when gaugino bihnear ob- 
tains vacuum expectation value after gaugino condensation, dynamics forces 
Hijk to obtain a vacuum expectation value to yield minimum energy. One can 
also see how this dynamics takes place by applying the equations of motion, 
as has been first pointed out in [l^ . 

In it is proposed that (i^jjfc) = ceijk = {dB). In this case, unfortu- 
nately, c is integer quantized in planck units p5|, so the gaugino conden- 
sation is forced to take place at around the Planck scale. It is proposed in 
[0] that the necessary constant term comes from matter field VEVs. In this 
case, to generate hierarchy, very small hidden sector gauge group is required. 
The introduction of the modular invariant gaugino condensation dynamics 



does not help solve dilaton run- away problem |19, 20, 21]. To confront this 
problem, scenarios in which hidden sectors have several gauge sub groups 
or contain matter fields have been proposed The systematic analysis 

of this scheme has been carried through in |2^, |2^, |2^ , which show that for 
pure gaugino condensation, no realistic results can emerge, even if the hidden 
gauge group is not simple. And all these supersymmetry breaking schemes 
do not shed much light on the gauge coupling constant unification problem 
in string phenomenology. 

In this letter, we propose a modified version of the mechanism proposed 
in 0, 0. In particular, we assume that the constant term ceiju = {Hijk), 
which is turned on when gaugino condensation occurs, comes from the Chern- 
Simon term rather than from the anti-symmetric tensor strength or matter 
fields. Since the gauge Chern-Simon part does not have to be quantized in 
the Planck units as the antisymmetric tensor strength does pSf, we do not 
have the problem that gaugino condensation has to take place at around 
the Planck scale here. It is easy to see that, in this case, the VEV of Hijk 
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can come from some charged background field VEVs in the compactified 
space. We assume that these induced charged background fields are in the 
Eq matter sector instead of in the hidden sector ( which except for some 
phenomenological reason that we will explain later, we can not explain why 
this should be the case ). Furthermore, We require that the induced Chern- 
Simon term satisfies the condition: du = FijF^^ = 0, i.e. Fij = 0. This 
requirement guarantees that the induced VEVs of the charged background 
fields will not generate more potential energy besides the part coming from 
its contribution to superpotential. Notice that these charged background 
fields do not have to correspond to any four- dimensional physical modes, so 
they can be in the adjoint representation of the observable gauge interaction 
Eq. As we will show later that this fact makes the affine level one SU(5) 
or SO(IO) string model with intermediate gauge symmetry breaking to the 
standard model possible in this supersjnnmetry breaking scheme. 

What is the consequence of turning on VEVs of some charged background 
fields? One direct consequence is that they will break the gauge symmetry 
through the string Higgs effect |3^. Specifically, the VEVs of the charged 
background give masses to the matter fields $ via the cubic superpotential 
of the form W ~ A$$ and break gauge symmetry to the gauge subgroup 
that commute with the VEVs of the charged background A". The masses of 
the matter fields will be of the order of (v4"). As A" do not correspond to 
any four- dimensional physical modes or matter fields, they can be in any rep- 
resentations including the adjoint representation. Notice that all the proofs 
that there is no adjoint representation higgs fields in affine level one string 
models is based on the assumption that they are four- dimensional matter 
fields. Here are actually a special kind of Wilson lines, and they can be 
in the adjoint representation. Thus in this supersymmetry breaking scheme, 
level one SU(5) or SO(IO) string models with intermediate gauge symmetry 
breaking to the standard model is possible. The gauge symmetry breaking 
scale should be on the order of (A") which is roughly the gaugino condensa- 
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tion scale: 

{A) M^expi-^). 

With {S) = 2, for affine level one string models and Eq hidden sector gauge 
symmetry 69 = 36/167r^, we find (A) ~ lO^^GeV ( for hidden sector, 
Bq = 36/167r^, one gets (A) ~ . This intermediate gauge symmetry 

breaking scale can correspond to Mqut derived in minimal SUSY breaking 



grand unification models using the prescription proposed in [0. In addi- 



tion, we think that the heavy massive fields will not change the weak-scale 
predictions much, because these masses are all on the order of Mqut- 

One can also solve the doublet-triplet problem in this supersymmetry 
breaking scheme. One simply needs to require that the induced charged 
background field VEVs and matter fields satisfy a larger global symmetry 
and the pseudo-Goldstone schemes in will guarantee that there are not 
any light triplet fields after gaugino condensation. Here, the induced charge 
background field VEVs play the exact same role as the usual Higgs fields, 
except that, in the four-dimensional effective theory, they do not correspond 
to any physical modes. 

One would like to ask how likely this mechanism is. We think that the 
induction of charged background field VEVs is more likely to happen than 
that of the anti-symmetric tensor because the latter has to be quantized in 
Planck units. But we do not have any dynamical argument that a gaugino 
bilinear VEV in the hidden sector induces charged background field VEVs 
in the observable sector. To break SU(5) or SO(IO) string models to the 
Standard model and to solve the doublet-triplet problem, some constraints 
are put on the induced charged background field VEVs. As the existence 
of non-trivial charged background field VEVs requires nontrivial topology 
in the compactified spacetime ( otherwise one can always gauge away such 
VEVs ), to make this scheme viable, a string model is required to have 
some non-trivial topology in the compactified space. Furthermore, to obtain 
Mgut = lO^^GeV, the hidden gauge group is required to be Eq below the 
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string scale if one assumes (S) ~ 2. We conclude that in this supersymmetry 
breaking scheme, the derivation of Mqut = lO^^GeV and the solution of the 
doublet-triplet problem put non-trivial constraints on a string model just 
as the low-energy gauge interactions and the number of low-energy particle 
generations do. 

The next question to ask is how to generate the large mass hierarchy 
between Mqut = lO^^GeV and Msusy = ITeV in this scheme. Obvi- 
ously, after gaugino condensation occurs, the gravitino gets a mass M3/2 ~ 
A^/Mp ~ If global supersymmetry in the matter sector is broken 

at about the same scale as one normally assumes, one can not generate the 
large mass hierarchy between Mqut = lO^^GeV and Msusy = ^TeV in this 
scheme. To confront this problem, we consider a special kind of string models 
in which moduli and matter fields are of a no-scale structure |Q, which is 



shown to be a generic structure for a class of string models||3^, It has 
been shown that for no-scale models, when local supersymmetry is broken, 
global supersymmetry is still preserved |^|. To be more specific, in the most 



simplistic case, the Kahler potential takes the form: 

K = -ln(5 + ^) -31n(r + f - (7) 
W = he-^^/^'"' + W1 + W0. (8) 

Here are matter fields, S is dilaton field, and T is moduli field, and h is 
some constant on the order of one. Wi is the superpotential coming from the 
induced charged background VEVs f\ and Wq is the superpotential for mat- 
ter fields. In string models, moduli correspond to some flat- direct ions; Wq 
does not depend on moduli explicitly. The non-perturbative effect, gaugino 
condensation, may generate a moduli-dependent superpotential ^ 



for the string models p, ^] in which the gauge coupling function receives 

*One would ask whether the induced Wi terms would break modular invariance. In fact, 
modular invariance is only broken by (^") spontaneously. As ten-dimensional fields, A" 
transform under modular transformation: A" A'"' = 77^^ ^'^'^ ~^ ^! — 
modular invariance is preserved. 



cT+d •'M ^ y'l — (^icT+dy-i ' 
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moduli- dependent string threshold corrections. It has been shown that ^8 
for string models with no sectors preserving N=2 spacetime supersymmetry, 
for example, Z3, Z7 orbifold models, the gauge coupling constant does not 
receive moduli-dependent string threshold correction. In this type of string 
models, one obtains a moduli-independent non-perturbative superpotential 
which is one of the crucial ingredient for being no-scale models. As we will 
show later, a moduli-independent gauge coupling function is also a necessary 
requirement for generating small observable sector gaugino masses (as com- 
pared to lO^^GeV). So in our supersymmetry breaking scheme, the large 
mass hierarchy restricts string models to this type only. Assuming that the 
superpotential does not depend on moduli, we find that the vacuum potential 
energy takes the following form: 



V = e''{\{S + S)Ws-W\' + J2\Woi\') 

i 

= e^|[l + -^(S + 5)]exp(-3S/26o) + ^z + W^or + ElW^o.|'- (9) 

We see that the potential energy is positive semi-definite ( so that the cos- 
mological constant is naturally zero ) and vanishes at 

{S + S)Ws-W = (10) 
[1 + tI-I-^ + S)] hM^expi-3S/2bo) + Wi + Wo = 0, (11) 

ZOq 



or 



and 



For (Wq) = 0, we have 



W,.= '-^ = 0. (12) 



[1 + -^(S* + S)] hM^exp{-3S/2bo) + Wi = Q. (13) 

It is easy to see that the solution to the above equations yields nonzero 
(W). This will give the gravitino a mass and break local supersymmetry 
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while the cosmological constant remains zero. A simple calculation shows 
that supersymmetry is broken in the dilaton and moduli sector; but in the 
observable matter sector, scalar masses and A-terms remain zero. We restrict 
the string models to those in which the gauge coupling function does not 
depend on moduli fields. In this case, at tree level, the gaugino mass is zero 
( otherwise the gaugino mass will be too large ) and global supersymmetry 
is preserved in the matter sector. We conclude that, in this supersymmetry 
breaking scheme, the large mass hierarchy constrains string models to be 
those that have a no-scale structure and in which the gauge coupling constant 
does not receive string threshold corrections. 

We hope that for some string models, radiative corrections may break the 
preserved global supersymmetry at low-energy and the large mass hierarchy 
between Mqut = lO^^GeV and Msusy = ITeV could be generated. To 
accomplish this, we are facing a nontrivial problem which is closely related 
to that of finding the true vacuum to one-loop order and determining dilaton 
and moduli VEVs. It is easy to see that in this kind of supersymmetry 
breaking models, all the mass scales involved are determined by the dilaton 
and moduli VEVs, which unfortunately correspond to some fiat directions at 
tree level and can not be specified. These fiat directions could be removed by 
loop-effects and dilaton and moduli VEVs can be dynamically determined 
by radiative-corrected potential energy. But with the Kahler potential and 
superpotential proposed here, we can not get the desired dilaton VEV from 
the one-loop effective potential. Another problem with the above formulation 
is that it is not modular invariant in the dilaton sector. Considering the 
complexity of the problem, we defer a more detailed discussion to future 
work. 

In conclusion, we have proposed that, instead of an antisymmetric tensor 
field or matter fields getting VEVs, some charged background field 
VEVs might be induced when gauginos condense in the hidden sector. The 
advantages of this kind of supersymmetry breaking models is that one does 
not have to appeal to string threshold corrections, higher affine level string 
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models, or extra heavy fermions to solve the gauge coupling constant unifica- 
tion problem in string phenomenology. It connects the gaugino condensation 
scale with the local supersymmetry breaking scale and Mqut and generates 
these scales dynamically. It makes the affine level one SU(5) or SO(IO) string 
models with intermediate gauge symmetry breaking to the standard model 
at Mqut = lO^^GeV possible; the doublet-triplet problem can also be solved 
in this scheme. We show that the solution of these problems puts non-trivial 
constraints on a string model. For example, the experimentally implied re- 
sult, McuT ~ IQ^^GeV, constrains the hidden sector gauge interaction below 
the string scale to be Eq if one assumes {S) ~ 2. To generate the large mass 
hierarchy in this scheme, we show that string models are constrained to be 
those that have a no-scale structure and in which the the gauge coupling 
constant does not receive string threshold correction. We conclude that the 
derivation of Mqut — IQ^^GeV, the solution of the doublet-triplet and the 
large mass hierarchy problem, put non-trivial constraints on a string model. 
Compared to the constraints on a string model from low-energy gauge in- 
teractions and fundamental particle generations, the constraints from the 
large mass hierarchy and Mqut — lO^^GeF can be thought as dynamical 
constraints, which in the schemes proposed here, put much more direct and 
restrictive constraints on string models. 
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